Purpose Metastatic involvement of the sacrum is rare and there is a paucity of studies which deal with the management of these tumours since most papers refer to primary sacral tumours. This study aims to review the available literature in the management of sacral metastatic tumours as reflected in the current literature. Methods A systematic review of the English language literature was undertaken for relevant articles published over the last 11 years (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). The PubMed electronic database and reference lists of key articles were searched to identify relevant studies using the terms ''sacral metastases'' and ''metastatic sacral tumours''. Studies involving primary sacral tumours only were excluded. For the assessment of the level of evidence quality, the CEBM (Oxford Centre of Evidence Based Medicine) grading system was utilised. Results The initial search revealed 479 articles. After screening, 16 articles identified meeting our inclusion criteria [1 prospective cohort study on radiosurgery (level II); 2 case series (level III); 4 retrospective case series (level IV) and 9 case reports (level IV)]. Conclusion The mainstay of management for sacral metastatic tumours is palliation. Preoperative angioembolisation is shown to be of value in cases of highly vascularised tumours. Radiotherapy is used as the primary treatment in cases of inoperable tumours without spinal instability where pain relief and neurological improvement are attainable. Minimal invasive procedures such as sacroplasties were shown to offer immediate pain relief and improvement with ambulation, whereas more aggressive surgery, involving decompression and sacral reconstruction, is utilised mainly for the treatment of local advanced tumours which compromise the stability of the spine or threaten neurological status. Adjuvant cryosurgery and radiosurgery have demonstrated promising results (if no neurological compromise or instability) with local disease control.
Introduction
The skeleton is the third most common site of metastasis after the lungs and liver [1] , with the spinal column most frequently involved [1] . Spinal metastases develop in 5-10 % of all cancer patients during the course of their illness [2] with sacral deposits representing the minority of spinal secondaries [3] . Spinal metastatic infiltrations predominantly occur in the thoracic region, followed by the lumbar spine and the lumbosacral junction [4] . Breast, lung, renal, thyroid and prostate tumours form the predominant primary sources, less common primary lesions include lymphoma, melanoma and tumours of unknown origin [4] [5] [6] [7] [8] . Spread is mainly by haematogenic dissemination, although direct invasion through locally recurrent pelvic tumours is not uncommon [2] . Sacral metastases are relatively rare pathologies and their management constitutes a complex medical problem. They have become more prevalent in recent years, as the rate of survival improved for many common cancers. Unfortunately, sacral metastases are usually diagnosed in advanced stages when they have already extended beyond the bony margins and around the sacral nerves and other surrounding organs [9] . The clinical presentation depends largely on the structures the tumour erodes or compresses, and a thorough understanding of the anatomy is essential in evaluating structural and functional disorders of the sacrum.
Investigations

Imaging
Plain radiographs are often the first imaging modality performed. However, these may remain inadequate because of the difficulty in evaluating the sacrum on plain X-ray films [10] . The accuracy of the initial radiologic evaluation in patients with proven sacral pathological entities has been demonstrated to be as low as 17 % in one study. Attention should be paid to try to identify loss of the sacral articulate lines, as this can strongly correlate with the presence of metastatic disease [11] .
More accurate visualisation of the tumour may be obtained by means of magnetic resonance imaging (MRI), which remains the optimum method for assessing spinal metastatic disease [12] [13] [14] [15] . This is used to visualise the relationship between the tumour, bone and soft tissues. The combination of T1-and T2-weighted imaging is suitable for evaluating nerve root, muscle and visceral structure involvement.
Computerised tomography (CT) is essential for defining the osseous anatomy and is invaluable for planning reconstructive surgical procedures. CT scan demonstrates the osseous relations in detail and can also show the presence of intratumoural calcification. In addition to the above, CT scan offers the advantage of a three-dimensional reconstruction of the image and also improves the accuracy of needle biopsy (CT-guided needle biopsy) increasing significantly the diagnostic value of the procedure [16] . Both investigations combined represent the most effective way of evaluating patients with spinal metastases. The site and extent of metastatic tumours together with the extent of involvement of the sacroiliac joint are invaluable factors for preoperative planning, because they influence the surgical strategy and may determine the final surgical outcome.
Nuclear bone scan (scintigraphy) is used mainly to determine if the lesion is monostotic or polyostotic. It is considered as a first-line imaging technique when there is strong clinical suspicion for bone abnormality [17, 18] . However, although it has strong sensitivity for identifying bone lesions, bone scintigraphy lacks specificity in identifying the nature of the abnormality. Therefore, this investigation is frequently used as part of a larger workup for systemic disease than as a stand-alone diagnostic tool. Generally, the presence of multifocal disease is suggestive of bone metastases, multiple myeloma, Paget's disease, infection and vascular tumours [12] .
Single-photon emission tomography (SPECT) is an advanced form of scintigraphy which has demonstrated an increased ability in identifying lesions of any type that may not be detectable on CT, MR or plain X-rays [19, 20] . In addition, SPECT can differentiate metastatic from benign lesions [19, 21, 22] .
Preoperative pelvic angiography is performed to assess hypervascular lesions or very large tumours with anticipated complex surgical planes. The diagnostic value of angiography generally is not very important [23] , but the definition of the tumour vasculature facilitates the embolisation of the feeding vessels in the preoperative setting, potentially reducing the risk of intraoperative blood loss [12, 24, 25] .
Biopsy
Obtaining a sample of tumour tissue is necessary for establishing the diagnosis and planning further management. Histological examination clarifies the diagnosis and may differentiate a metastasis from rare tumour-like conditions such as osteomyelitis [26] or tuberculosis [27] . Sacral biopsies can be performed as open incisional procedures, percutaneously (Tru-cut needle) or with CT guidance.
In addition, other authors suggest that percutaneous CT-guided biopsy provides the least risk and is the method of choice in establishing a diagnosis in the case of metastatic sacral tumours [28] . Nevertheless, in cases when biopsy specimens are inadequate or indeterminate [29] , open biopsy would remain the method of choice. Generally, the surgeon who performs the definitive tumour resection should perform or direct the biopsy procedure. Poorly planned incisional biopsies or incomplete debulking operations performed prior to referral to a spinal oncology centre have been shown to increase the risk of local recurrence and metastasis [29] [30] [31] .
Materials and methods
A systematic review of the available English-language literature on sacral metastases over the last 11 years was performed to investigate the current management and outcome of sacral metastatic tumours.
For the purpose of this review, the key words ''sacral metastases'' and ''metastatic sacral tumours'' were entered in the search engine of the ''PubMed'' electronic database. Reference lists of key articles were also included in the study, whereas articles involving primary sacral tumours only were excluded. Sixteen articles were identified as meeting the inclusion criteria (Fig. 1) .
In this study, special attention was given to the management and outcome of sacral metastases.
Results
The initial search identified 479 papers. After screening, 16 studies were found to be eligible for inclusion (1 prospective cohort study on radiosurgery (level II) [32] ; 2 case series (level III) [28, 33] ; 4 retrospective case series (level IV) [2, 10, 34, 35 ] and 9 case reports (level IV) [36] [37] [38] [39] [40] [41] [42] [43] [44] ; Table 1 ).
Clinical presentation
Metastatic tumours represent the most common malignancy to occur in the sacrum and can signify advanced disease. Sacral neoplasms generally grow insidiously causing ambiguous symptoms in the early stages, which may result in delayed diagnosis [9] . This has been reported in numerous studies [9, 10] despite the fact that metastatic lesions are generally more aggressive in terms of growth and local invasion. Ozdemir et al. [10] , in a series of 34 cases with sacral metastases, reported distal organ involvement and widespread spinal metastases in 61 and 43 %, respectively, at the time of diagnosis. Nader et al. [28] in his study of 19 cases with sacral metastases reported 68 % of extraspinal metastases and 53 % involvement of multiple spinal levels at the time of diagnosis.
This late diagnosis may be explained by the ability of the spacious sacral canal to permit asymptomatic tumour expansion, the difficulty in evaluating the sacrum on plane X-ray films which is often the first imaging modality performed and finally the non-specific nature of the presenting symptoms. In most studies, the initial symptom in the clinical presentation of the patients is pain (Table 2) . Local pain may present due to the periosteal stretching from the tumour growth and/or the local inflammatory process or mechanically as a result of instability. Radicular pain from irritation of a nerve root [9, 10, [29] [30] [31] occurs due to nerve root compression or even tumour infiltration. Radicular pain may radiate uni-or bilaterally into buttocks, posterior thigh or leg, external genitalia and perineum [45] [46] [47] . The natural neurological history of an expanding sacral lesion is usually characterised by sensory, multiradicular deficit which progresses to motor deficit and eventually causes bladder, bowel and/or sexual, dysfunction [47] . These symptoms may evolve together or separately in any possible order and combination [48] . The involvement of lumbosacral nerve roots leads to specific motor and sensory deficits [46] [47] [48] which correlate with the affected dermatome and/or myotome ( Table 2 ).
Treatment
For the sacral metastatic lesions, the treatment is typically palliative, aiming at pain control and salvage of neurologic function [4] (Table 3) . Currently, there are two traditional methods for localised intervention in the case of sacral metastasis-namely, radiotherapy and surgery.
Radiotherapy may be chosen as the initial therapy for radiosensitive sacral metastases in patients without spinal instability or acute neurological deterioration where significant pain reduction and neurologic improvement are attainable [49, 50] . Radiosensitivity varies among primary tumour types. In general, prostate and lymphoid tumours are radiosensitive, breast cancer is 70 % sensitive and 30 % resistant, and gastrointestinal and renal cell tumours, like melanomas, are radioresistant. Indications for radiation therapy include the presence of radiosensitive tumours such as lymphoma, myeloma and small cell carcinoma of the lung, no neurological impairment or spinal instability and no mechanical pain or significant bony compromise of the spinal canal [49, 50] .
Despite the fact that older publications demonstrated that radiotherapy alone could be as effective as a combination of decompressive surgery with adjuvant radiotherapy [51] [52] [53] , more recent studies have shown that decompressive surgery with/out reconstruction and stabilisation followed by postoperative radiotherapy was superior than radiotherapy alone [54, 55] .
Spinal stereotactic radiosurgery (SRS) is an emerging form of radiotherapy, which allows more precise radiation delivery and high-dose hypofractionation.
These characteristics allow the administration of tumouricidal radiation dose even for radioresistant tumours, Lee et al. [37] Case report with minimal exposure of the surrounding normal tissues. Current commercial spinal SRS systems include the Cyber Knife (Accuray Incorporated, Sunnyvale, California) and Novalis (BrainLAB, Heinstetten, Germany) according to a recent prospective study of 500 cases with spinal metastases (including 103 cases of sacral metastatic lesions; Table 3 ); radiosurgery is safe and provides incremental benefit over conventional radiotherapy with a more durable symptomatic response and local control independent of the histology [32] . In addition, other major benefits of radiosurgery include the relatively short treatment time, which can be in an outpatient setting and the minimal or complete absence of side effects [56] . Currently, spinal radiosurgery is often employed as a salvage technique for those cases in which further conventional irradiation or surgery is not appropriate and the most frequent indication is persisting pain. However, radiosurgery is not indicated in cases of neurologic deficit caused from bony compression to neural structures. In addition, it does not address spinal instability issues and has a limited ability to deliver radiation to larger lesions [56, 57] .
Preoperative angioembolisation of hypervascular metastatic lesions reduces intraoperative blood loss and improves the surgeon's ability to resect the tumour. In addition, some studies have shown that embolisation may cause tumour growth arrest and subsequently pain alleviation and shorter hospital stay [58] [59] [60] . The timing of the preoperative embolisation is also important. Generally, it is recommended that embolisation should be performed as close as possible to the time of surgery. Typically, best results are achieved when surgery is performed within 24-48 h after embolisation [58, [61] [62] [63] .
Indications for surgical intervention include progressive neurologic dysfunction or persistent pain that is unresponsive to radiation therapy, the need for a diagnostic biopsy and pathologic instability [10, 64] . The use of chemotherapy for the management of spinal tumours is limited. Except from tumours such as Ewing's sarcoma and neuroblastoma which are chemosensitive, anti-tumour drugs have a limited role in the treatment of spinal metastases in general. Chemotherapeutic agents can be classified into anti-tumour drugs and those which minimise the secondary effects of the tumour [65] . However, drugs which prevent or ameliorate the effects of spinal tumours, such as corticosteroids, bisphosphonates and analgesics, are widely used.
Sacroplasty is gaining favour in cases of metastatic disease without instability or neurologic compromise and represents a minimally invasive alternative to open procedures [66] . The available data on this are based primarily on level IV studies [36, 38, 39, 41] and all cases treated with sacroplasty have shown immediate improvement in mobility and significant pain relief (Table 3) .
Surgical intervention in the sacrum represents a complex problem, which, depending on the surgical procedure, may have a high morbidity including massive bleeding, infection, CSF leakage, severe neurological deficits, bowel/ bladder dysfunction and spinal or pelvic instability [5] . Six studies report on their results of surgery ranging from posterior decompression with(out) cementation and instrumentation [2, 28, 35, 43] to abdominal sacral resection [33] and en bloc sacrectomy [34, 44] .
Such is the heterogeneity of these data that a comprehensive analysis is not possible. What is clear is that optimal management of patients with sacral metastatic disease necessitates a multidisciplinary approach involving specialists in oncology, general surgery, histopathology, spinal surgery and radiology. The treatment decision is based on specific criteria such as the health status of the patient, anatomical characteristics specific to patient and lesion, and the biology of the tumour [67] . The final decision depends on the clinical presentation and the preference of the physician/surgeon and the patient [51] .
Various systems using a range of prognostic factors have been devised and correlated with the clinical outcome to predict survival. They allow the recognition of patients who are unlikely to do well after surgery and the choice of suitable management. Recognised systems include that of Tomita et al. [68] and the revised scheme of Tokuhashi et al. [69] .
Clinical outcome and complications
The functional outcome of sacral tumours depends greatly on the level of neurologic deficit. In general, patients with root involvement distal to S3 have limited deficits, preservation of sphincter and motor function, but possible sexual dysfunction. On the contrary, great variability is seen when there is involvement of the S2-S3 roots.
Middle resections involving the S2-3 nerve roots rarely cause motor disjunction, but saddle anaesthesia and sphincter dysfunction are common [70] . Stener and Gutenberg [71] observed that continent bowel and bladder function was possible when C1 S-2 root was preserved. Lower limb muscle weakness can be observed when S1 nerve roots are sacrificed; however, patients with intact L5 nerves, generally, are able to walk without external support.
Recurrence and survival rates are multifactorial and vary between different studies in the literature (Table 3) . Kollender et al. [2] in a study involving 14 sacral tumours (5 of which were metastatic), surgically resected with the use of adjuvant cryotherapy, reported a 6-36 months survival rate in the metastatic group and no local recurrences. Osdemir et al. [10] reviewed the outcome in a series of 34 patients who underwent surgical treatment of malignant sacral tumours. In the group with sacral metastases, they reported 19 % recurrence and 23 % complication rate (16 % characterised as major) following surgery.
Nader et al. [28] in a more recent retrospective study of 19 patients who underwent resection of sacral metastatic lesions reported improved neurology on discharge in eight patients (42 %) and only three cases with deterioration (16 %) .
From the 16 patients who reported pain scores based on a visual analogue scale (VAS), 11 reported significant improvement (69 %) and 5 no pain at all (31 %) on discharge. In addition, mobility improved postoperatively and seven patients (37 %) were able to mobilise without assistance postoperatively in comparison with only two (11 %) preoperatively. In this study, both major and minor complications occurred in 16 % of patients, respectively, and the mean survival rate was estimated to be 21.8 months following the first surgery.
Finally, systemic reviews are only as good as the research articles available. With sacral metastases, the studies are very inhomogeneous with differing methods of treatment and uncontrolled cohorts with limited data. It therefore becomes even more necessary to highlight the importance of high-quality multicentric prospective studies and to follow a comprehensive algorithm where the final surgical technique (if applicable) is also well planned and prospectively selected.
Discussion
Metastatic lesions of the sacrum are rare, but pose a complex problem for surgical management. The clinical pattern of presentation depends on the anatomical location of the tumour and whether it invades or compresses neighbouring structures. Early diagnosis is often difficult because symptoms of bladder, bowel, epigastric and sacral plexus compression become evident late on in the presentation. Tumours of breast, lung, renal, thyroid and prostate form the predominant primary sources that metastasis to the sacrum. Evaluation and treatment of sacral metastatic tumours require a multidisciplinary approach, ideally at specialist centres with comprehensive care and experience.
Therapeutic approaches are still a matter of debate with few studies of levels II-IV evidence. However, technical advances which allow a more aggressive and effective surgical procedure to be used have led to improved final outcomes. Angioembolisation can be used effectively as an adjuvant treatment for the management of hypervascular metastatic sacral tumours. Radiation therapy is effective for the treatment of radiosensitive tumours in the absence of neurological impairment or spinal instability, mechanical pain or significant bony compromise of the spinal canal.
Radiosurgery is a promising new therapy and sacroplasty allows percutaneous stabilisation with good pain relief. However, in cases of progressive neurological deterioration, open surgical management is the more effective treatment.
